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(54) PRECIPITATION TUBE FOR CENTRIFUGAL SEPARATION 



(57) The invention relates to a tool capable of ex- 
tracting only a lower layer liquid without contamination 
from a two-phase liquid separated into an upper layer 
liquid and a lower layer liquid by means of centrifugal 
force. An internal tube is inserted in and fixed to a vessel 
body with its top opened. Upper and lower portions of a 
centrifugal separation chamber formed between inner 
peripheral surface of the vessel body and outer periph- 
eral surface of the internal tube is communicated to an 
extraction chamber inside of the internal tube. A piston 
plug integrally formed with a seat cap for closing top 
opening of the vessel body is fitted and inserted into the 
internal tube. Communication between the upper and 
lower portions of the centrifugal separation chamber 
and the extraction chamber is interrupted when inserting 
the piston plug into the innermost area of the internal 
tube. Upper space of the centrifugal separation cham- 
ber and space on the lower end face side of the piston 
plug are communicated during the process of pulling out 
the piston plug from the internal tube. Further, the inter- 
nal tube is inserted into the vessel body with its top 
opened, lower end opening of the internal tube is closed 
by a closure plug coming off by a downward pressure 
force and falling down in any one of forward, rearward, 
leftward and rightward directions when reaching the in- 
ner bottom face of the vessel body, and the centrifugal 
separation chamber formed between the inner periph- 
eral surface of the vessel body and the outer peripheral 



surface of the internal tube is sealed by a cap. 
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Description 
Technical Field 

[0001] The present invention relates to a precipitation 5 
tube for centrifugal separation (hereinafter referred to 
as "centrifugal precipitation tube") used in the case 
when a liquid mixture to be separable into two or more 
liquid phases is separated due to difference in specific 
gravity utilizing centrifugal force. 10 

Background Art 

[0002] In the case of measuring, for example, a con- 
centration of a medicament contained in a serum, the *5 
medicament in the serum is extracted by means of chlo- 
roform. In this case, it has been conventional that a buff- 
er solution is applied to the serum, and a liquid mixture 
with chloroform added further thereto is thoroughly 
shaken. Subsequently, the liquid mixture is separated 20 
without delay into a water phase (upper layer liquid) and 
a chloroform phase (lower layer liquid) using a centrifu- 
gal separator, and only a predetermined volume of the 
chloroform phase is sampled. Thus, in the case that a 
liquid mixture separable into two liquid phases using a 25 
centrifugal separator, such as a liquid mixture of water 
and organic solvent, is separated into an upper layer liq- 
uid and a lower layer liquid due to difference in specific 
gravity, a centrifugal precipitation tube has been here- 
tofore used. Such a conventional centrifugal precipita- 30 
tion tube consists of a tubular vessel body with its upper 
surface opened and a cap for closing the opening on the 
upper surface of the vessel body in a liquid-tight manner. 
In order to separate a liquid mixture into an upper layer %> _ 
liquid and a lower layer liquid using this centrifugal pre- 35 
cipitation tube, the liquid mixture is injected into the ves- 
sel body, the cap is tightly fitted onto the upper surface^ ... . 
opening of the vessel body. Then, the centrifugal pre- 
cipitation tube is subjected to a centrifugal separator, 
whereby the liquid mixture within the centrifugal precip- *o 
itation tube is separated into the upper layer liquid and 
the lower layer liquid due to difference in specific gravity. 
In order to take out only the lower layer liquid separately 
from the upper layer liquid and the lower layer liquid sep- 
arated in the centrifugal precipitation tube by centrifugal 45 
force, it has been generally conducted that, using a sy- 
ringe, the upper layer liquid is entirely sucked through a 
suction nozzle and taken out of the internal part of the 
vessel body. Alternatively, in the case of taking out the 
upper layer liquid manually, it has been generally con- 50 
ducted that, using a hole pipette, a pipette or the like, 
the upper layer liquid is entirely removed from the inter- 
nal part of the vessel body while visually acknowledging 
a boundary (interface) between the upper layer liquid 
and the lower layer liquid, thereby only the lower layer 55 
liquid being left in the vessel body. 
[0003] In the mentioned known method, however, that 
the upper layer liquid is entirely sucked through the suc- 



tion nozzle by means of the syringe and removed out of 
the internal part of the vessel body, a problem exists in 
that a liquid flow is generated at the time of sucking the 
upper layer liquid by the suction nozzle, whereby a part 
of the upper layer liquid is mixed into the lower layer 
liquid and it becomes difficult to remove only the upper 
layer liquid. On the other hand, in the method of manual 
operation using a hole pipette or the like, a problem ex- 
ists in that it requires experience and skill for removing 
only the upper layer liquid from the internal part of the 
vessel body, because a part of the upper layer liquid is 
likely to mix with the lower layer liquid depending on kind 
of liquid when the upper layer liquid has been taken out 
to the proximity of the boundary between the upper layer 
liquid and the lower layer liquid. 
[0004] To overcome the foregoing disadvantages, a 
centrifugal precipitation tube has been proposed as dis- 
closed in Figs. 12 and 14 each showing a longitudinal 
sectional view of the Japanese Patent Publication (un- 
examined) No. 285740/1997. This is a centrifugal pre- 
cipitation tube in which a cap 162 or 178 for closing in 
a liquid-tight manner an opening on the upper surface 
of a tubular vessel body provided with a bottom is com- 
prised of a seal plug part 164 or 180, an internal tube 
1 66 or 1 82, and a closure part 1 68 or 1 84. The seal plug 
part 164 or 180 of the centrifugal precipitation tube is 
inserted into an upper end portion of the vessel body 
160 to tightly fit an outer peripheral surface thereof. A 
through hole 170 or 186 is formed at the central portion 
of the seal plug part 164 or 180. The internal tube 166 
or 1 82 includes an outer diameter smaller than an inner 
diameter of the vessel body 160 and is formed into a 
tubular shape of which lower portion is tapered. An up- 
per end portion of the internal tube 166 or 182 is fixed 
-to an.inner peripheral portion of the through hole 170 or 
186 and formed integral with the seal plug part 164 or 
.180. Further, the internal tube 166 or 182 is formed to 
have a length such that lower end thereof comes located 
in the proximity of inner bottom face of the vessel body 
160 when fitting the seal plug part 164 or 180 tightly 
against the upper end portion of the vessel body 160. A 
closure part 168 of the centrifugal precipitation tube 
shown in Fig. 12 is comprised of a plug that is upwardly 
inserted into a lower end opening of the internal tube 
1 66 and closes the lower end opening of the internal 
tube 166 in a liquid-tight manner. This closure part 168 
is formed so as to easily come off or gets out downward- 
ly by means of a downward pressure force, i.e., a down- 
wardly force applied by the lower end of a dispensing 
nozzle or pipette. Furthermore, a closure part 184 of the 
centrifugal precipitation tube shown in Fig. 14 is com- 
prised of a thin plate-like part integrally molded at lower 
end of the internal tube 182. This closure part 184 is 
easily broken by being downwardly pressed with the 
lower end of a dispensing nozzle or pipette. 
[0005] In the centrifugal precipitation tube shown in 
Figs. 12 and 14, a liquid to be separated by means of a 
centrifugal force is injected into the vessel body 160 of 
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the centrifugal precipitation tube. Then, the internal tube 
166 or 182 of the cap 162 or 178 is deeply put in the 
vessel body 160. i.e., inserted into the liquid so that the 
seal plug part 164 or 180 of the cap 162 or 178 tightly 
fits the upper end portion of the vessel body 160. The 5 
centrifugal precipitation tube in this state is subjected to 
a centrifugal separator. In this manner, the liquid in the 
centrifugal precipitation tube is separated into an upper 
layer liquid and a lower layer liquid. At this time, since 
the internal tube 166 or 182 of the cap 162 or 178 is 10 
inserted into the liquid in the vessel body 160 and the 
lower end of the internal tube 166 or 182 is positioned 
in the proximity of inner bottom face of the vessel body 
160, the lower end of the internal tube 166 or 182 is 
closed in a liquid-tight manner and positioned below the *5 
boundary between the upper layer liquid and the lower 
layer liquid. Thus, a portion proximate to the lower end 
of the internal tube 166 or 182 is in the state of being 
inserted into the lower layer liquid. In order to extract 
only the lower layer liquid from the centrifugal precipita- 20 
tion tube in such a state, the lower end portion of the 
dispensing nozzle (or disposable chip forming the lower 
end portion of the dispensing nozzle) or a pipette is 
deeply inserted into the internal part of the internal tube 
166 or 182 passing a through hole of the seal plug part 25 
164 or 180 of the cap 162 or 178, and the closure part 
168 or 184 at the lower end of the internal tube 166 or 
182 is downwardly pressed by means of the lower end 
of the dispensing nozzle or pipette. As a result, the clo- 
sure part 168 or 184 for closing the lower end of the 30 
internal tube 166 or 182 gets off or broken and the lower 
end of the dispensing nozzle or pipette is inserted into 
the lower layer liquid. Thereafter, a liquid is sucked into 
the dispensing nozzle by driving the syringe. Alterna- 
tively, when manually operating the pipette and sucking. . 35 
the liquid into the . pipette, only the lower layer liquid is - 
sucked into the -dispensing nozzle or pipette since the 
lower end of the dispensing nozzle or pipette is inserted 
into the lower layer liquid. 

[0006] In the centrifugal precipitation tube shown in *o 
Figs. 12 and 14, however, after the separation of liquid 
into the upper layer liquid and the lower layer liquid, the 
closure part 168 or 184 at the lower end of the internal 
tube 166 or 182 is downwardly pressed by means of the 
lower end of a dispensing nozzle or pipette, and the clo- 45 
sure part 168 or 184 for closing the lower end of the 
internal tube 166 or 182 comes off or broken. At this 
time, it is to be noted that the lower layer liquid is flushed 
into the internal tube 166 or 182, whereby a boundary 
between an upper layer liquid and a lower layer liquid is 50 
disturbed. Thus, a part of the upper layer liquid is mixed 
into the lower layer liquid side, and the upper layer liquid 
together with the lower layer liquid is flushed into the 
internal tube 166 or 182. As a result, there is a likelihood 
that the lower layer liquid being mixed with a part of the 55 
upper layer liquid is sucked into a dispensing nozzle or 
pipette, and a contamination is produced in the lower 
layer liquid. 



[0007] Further, in the centrifugal precipitation tube 
shown in Fig. 12, as described with reference to Fig. 13, 
after the separation of a liquid into the upper layer liquid 
172 and the lower layer liquid 174, the closure part 168 
at the lower end of the internal tube 166 is pressed 
downward by the lower end of the dispensing nozzle 
176, and the closure part 168 closing the lower end of 
the internal tube 166 is caused to come off. At this time, 
the closure part 1 68 sinks vertically right under the lower 
end of the internal tube 166 and left on the inner bottom 
face of the vessel body 160 in the same posture since 
the lower surface of the closure plug 168 is flat. There- 
fore, when inserting the dispensing nozzle 176 deeply 
to the extent that the lower end thereof comes in the 
proximity of the inner bottom face of the vessel body 
160, the lower end face of the dispensing nozzle 176 
comes in close contact with the upper surface of the clo- 
sure plug 168, and the lower end opening of the dis- 
pensing nozzle 1 76 is entirely closed by the closure plug 
168. As a result, a liquid will not be sucked into the dis- 
pensing nozzle 176. Particularly in the case of automat- 
ing the operation of sucking the liquid into the dispensing 
nozzle 176 by driving up-and-down the dispensing noz- 
zle 176, this becomes a serious problem. 
[0008] Furthermore, before the centrifugal precipita- 
tion tube is subjected to the centrifugal separator, when 
the internal tube 166 is deeply put in the vessel body 
160 and inserted into the liquid after injection of the liq- 
uid into the vessel body 160, the liquid flows in such a 
manner as being pressed away by means of the lower 
surface of the closure part 168 plugged in the lower end 
opening of the internal tube 1 66. In this case, supposing 
that the lower surface of the closure part 168 is flat as 
shown in Fig. 12, when the lower end portion of the in- 
ternal tube 166MS~p¥lsed thrpugh r the boundary be-~ 
tween, for example, a water phase -and a chloroform 
phase (this mixed solution.is.separated into two phases 
to a certain degree due to difference in specific gravity 
even before the centrifugal separation), the lower sur- 
face of the closure part 168 comes in contact with im- 
purities located at the boundary, and therefore the liquid 
is subjected to the centrifugal separation with impurities 
being stuck to the lower surface of the closure part 1 68. 
Then, the lower layer liquid 174 having been separated 
by means of centrifugal separation comes in contact 
with the lower surface of the closure part 168. As a re- 
sult, the impurities stuck to the lower surface of the clo- 
sure part 168 come to be dispersed into the lower layer 
liquid to be extracted and analyzed. Thus, negative af- 
fects are given upon device analysis. 

Disclosure of Invention 

[0009] The present invention was made in view of the 
above-discussed problems. A first object of the inven- 
tion is to provide a centrifugal precipitation tube capable 
of extracting exactly only a lower layer liquid without any 
contamination from two-phase liquid (or more numbers 
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of phase liquid) separated into an upper layer liquid and 
a lower layer liquid by means of centrifugal force. A sec- 
ond object of the invention is to provide a centrifugal pre- 
cipitation tube capable of exactly sucking a lower layer 
liquid into a dispensing nozzle or pipette constantly at 
all times, and preventing a lower surface of a closure 
part of an interna) tube from sticking of impurities in the 
process of inserting the internal tube into liquid by deep- 
ly placing it in a vessel body after injection of liquid into 
the vessel body. 

[001 0] To accomplish the foregoing first object, a cen- 
trifugal precipitation tube according to a first invention 
comprises: a tubular vessel body of which top end is 
opened while bottom end thereof being closed; and seal 
means for closing releasably the open top end of the 
vessel body in a liquid-tight manner; 

the centrifugal precipitation tube being character- 
ized in that: an internal tube, diameter of which is smaller 
than that of the mentioned vessel body, is inserted in an 
internal part of the vessel body and secured thereto, 
whereby a centrifugal separation chamber is formed be- 
tween inner peripheral surface of the vessel body and 
outer peripheral surface of the internal tube, and an up- 
per portion and a lower portion of the centrifugal sepa- 
ration chamber are respectively communicated to an ex- 
traction chamber inside of the mentioned internal tube; 
a piston plug, lower end portion of which is inserted in 
the proximity of an inner bottom face of the mentioned 
vessel body, is slidably and removably inserted into the 
mentioned internal tube in axial direction thereof; com- 
munications between the upper and lower portions of 
the mentioned centrifugal separation chamber and the 
mentioned extraction chamber are respectively inter- 
rupted when inserting the mentioned piston plug into the 
-innermost area of the "mentioned internalrtube; and an 
upper space of the mentioned centrifugal .separation 
chamber and a space on the lower end,face side of the 
piston plug in the mentioned extraction chamber are 
communicated to each other during the process of pull- 
ing out the mentioned piston plug from the state of being 
inserted in the innermost area of the mentioned internal 
tube. 

[0011] In the centrifugal precipitation tube of above 
construction according to the first invention, a liquid to 
be separated by means of centrifugal force is injected 
into the vessel body of the centrifugal precipitation tube, 
then the piston plug is inserted into the innermost area 
of the internal tube, top opening of the vessel body is 
closed in a liquid-tight manner by the seal means, and 
the centrifugal precipitation tube in this state is subject- 
ed to a centrifugal separator. At this time, the lower end 
portion of the piston plug is inserted in the proximity of 
inner bottom face of the vessel body, whereby the liquid 
remaining in the extraction chamber inside of the inter- 
nal tube is entirely extruded therefrom to the lower part 
of the centrifugal separation chamber between the inner 
peripheral surface of the vessel body and the outer pe- 
ripheral surface of the internal tube. Further, since the 



communication between the upper and lower portions 
of the centrifugal separation chamber and the extraction 
chamber is interrupted during the centrifugal separation, 
any liquid does not flow from the centrifugal separation 

5 chamber into the extraction chamber. Then, the liquid in 
the centrifugal precipitation tube is separated into an up- 
per layer liquid and a lower layer liquid in the centrifugal 
separation chamber due to difference in specific gravity. 
At that time, by appropriately setting position of the lower 

10 end of the internal tube, the lower end of the internal 
tube is positioned below the boundary between the up- 
per layer liquid and the tower layer liquid, and the lower 
end of the internal tube is in the state of being immersed 
in the lower layer liquid. 

is [0012] In order to extract only the lower layer liquid 
from a centrifugal precipitation tube after the liquid is 
separated into upper layer liquid and lower layer liquid 
in the precipitation tube by means of the centrifugal sep- 
arator, top opening of the vessel body that_has been 

20 closed by the seal means is opened and the piston plug 
is slowly pulled out from the internal tube. As a result, 
the lower layer liquid in the centrifugal separation cham- 
ber is slowly sucked into the extraction chamber inside 
of the internal tube. In this regard, supposing that the 

25 liquid from the centrifugal separation chamber to the ex- 
traction chamber be continuously sucked, not only the 
lower layer liquid but also the upper layer liquid will flow 
into the extraction chamber, and a part of the upper layer 
liquid will be mixed into the lower layer liquid in the ex- 

30 traction chamber, whereby contamination will take place 
in the lower layer liquid. In this centrifugal precipitation 
tube, however, the upper space of the centrifugal sepa- 
ration chamber and the space on the side of the lower 
end face of the piston plug are communicated during the 

35 process ^of . pu I li ng out the piston plug. Accordingly.'' an 
equal air pressure is applied onto the liquid surface of 
lower layer liquid in the extraction chamber and .the liq- 
uid surface of upper layer liquid in the centrifugal sepa- 
ration chamber, respectively. Therefore, even if the pis- 

<o ton plug would be further pulled out, it is prevented that 
the lower layer liquid in the extraction chamber is sucked 
upward by means of the piston plug. 
[0013] As described above, in the precipitation tube 
of above construction, since the lower layer liquid in the 

45 centrifugal separation chamber is slowly sucked into the 
extraction chamber inside of the internal tube by means 
of the piston plug, it does not occur that the boundary 
between the upper layer liquid and the lower layer liquid 
in the centrifugal separation chamber is disturbed, 

50 thereby a part of the upper layer liquid being mixed into 
the side of the lower layer liquid, and the upper layer 
liquid together with lower layer liquid flow into the ex- 
traction chamber inside of the internal tube. Further, by 
appropriately setting a pull-up position of the piston plug 

55 at the time of communicating the upper space of the cen- 
trifugal separation chamber to space on the side of lower 
end face of the piston, it does not occur, either, that the 
lower layer liquid as well as the upper layer liquid flow 
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into the extraction chamber, and a part of the upper layer 
liquid is mixed into the lower layer liquid. Consequently, 
only the lower layer liquid wilt remain or be accumulated 
in the extraction chamber when the piston plug is com- 
pletely pulled out from the internal tube. The lower layer 5 
liquid remaining in the extraction chamber is sucked into 
a dispensing nozzle by driving a syringe or the like after 
deeply placing, e.g., lower end portion of the dispensing 
nozzle (pipette or the like in the case of manual opera- 
tion. Utilization of the dispensing nozzle is hereinafter 
described) in the internal tube, thereby inserting the low- 
er end of the dispensing nozzle into the lower layer liq- 
uid. At this time, by appropriately setting the position of 
the lower end of the internal tube, the lower end of the 
internal tube becomes in the state of being positioned 
below the boundary between the upper layer liquid and 
the lower layer liquid, even after a predetermined vol- 
ume of lower layer liquid has been sucked into the dis- 
pensing injection nozzle. 

[0014] In this manner, as a result of using a centrifugal 
precipitation tube according to the first invention, only 
the lower layer liquid can be reliably extracted, without 
any occurrence of contamination involving the upper 
layer liquid, from two or more liquid phases separated 
into the upper layer liquid and lower layer liquid by 
means of the centrifugal force. 

[0015] In the centrifugal precipitation tube according 
to the first invention, it is preferable that the seal means 
and the piston plug are communicated to each other. 
[0016] In the centrifugal precipitation tube of such 
construction, since the seal means and the piston plug 
are integrated with each other, the piston plug is deeply 
inserted into the innermost area of the internal tube 
when the top opening of the vessel body is closed in a 
liquid-tight 'manner -by the -seal means. And the piston 
plug is pulled out from the state of being inserted into 
the innermost area of the internal tube when pulling up 
the seal means after the top opening of the vessel body 
having been closed by the seal means is opened. As a 
result, operation of the centrifugal precipitation tube can 
be simply conducted. 

[001 7] Further, in the centrifugal precipitation tube ac- 
cording to the first invention, it is preferable that a seal 
member, coming in close contact with the inner periph- 
eral surface of the internal tube in a liquid-tight manner 
when the piston plug is inserted and fitted into the inter- 
nal tube, is mounted on and secured to the external pe- 
ripheral surface of the mentioned piston plug. 
[0018] In the centrifugal precipitation tube of such 
construction, when inserting the piston plug into the in- 
nermost area of the internal tube, the seal member in- 
serted and secured on the external peripheral surface 
of the piston plug comes in close contact with the inner 
peripheral surface of the internal tube in a liquid-tight 
manner, thereby a communication between the upper 
portion of the centrifugal separation chamber and the 
extraction chamber is interrupted without fail. 
[001 9] Further, in the centrifugal precipitation tube ac- 



cording to the first invention, it is preferable that the up- 
per end face of the internal tube is opened in the internal 
part of the vessel body so that upper portion of the cen- 
trifugal separation chamber and the extraction chamber 
inside of the internal tube are communicated to each 
other, and a slot is formed in the internal part of the pis- 
ton plug in such a manner as to be opened at a lower 
end face and at an external peripheral surface of the 
piston plug. 

[0020] In the centrifugal precipitation tube of such 
construction, the opening in the external peripheral sur- 
face of the piston plug of the slot formed in the internal 
part of the piston plug passes over the upper end of the 
internal tube during the process in which the mentioned 
piston plug is pulled out from the state of being inserted 
in the innermost area of the mentioned internal tube, 
whereby the upper portion of the centrifugal separation 
chamber and space on the side of lower end face of the 
piston plug in the extraction chamber are communicated 
to each other without fail through the slot of the piston 
plug. 

[0021] Further, in the centrifugal precipitation tube ac- 
cording to the first invention, it is preferable that the in- 
ternal tube is provided with a communication aperture 
so that upper portion of the centrifugal separation cham- 
ber and the extraction chamber inside of the internal 
tube are communicated to each other through the com- 
munication aperture, a slot opened at the lower end face 
and external peripheral surface of the piston plug is 
formed in the internal part of the piston plug, and a 
groove or a concave-surface part communicating to the 
mentioned slot is formed on the external peripheral sur- 
face of the piston plug. 

[0022] In the centrifugal precipitation tube of such 
construction, during the process. ir\ which the mentioned 
piston- plug is pulled out from the state. of being inserted 
in.the. innermost area of the mentioned internal tube, the 
upper end portion of the groove or the concave-surface 
part provided on the external peripheral surface of the 
piston plug passed over the communication aperture 
opened in the internal tube, whereby upper portion of 
the centrifugal separation chamber and space on the 
side of lower end face of the piston plug are communi- 
cated to each other without fail through the communica- 
tion aperture in the internal tube, through a clearance 
between the groove or concave-surface part on the ex- 
ternal peripheral surface of the piston plug and inner pe- 
ripheral surface of the internal tube and through the slot 
in the piston plug. 

[0023] Further, in the centrifugal precipitation tube ac- 
cording to the first invention, it is preferable that the in- 
ternal tube is formed so that inner diameter of upper side 
portion thereof is larger than that of the lower end por- 
tion. 

[0024] In the centrifugal precipitation tube of such 
construction, the communication of each of lower and 
upper portions of the centrifugal separation chamber be- 
tween the inner peripheral surface of the vessel body 
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and outer peripheral surface of the internal tube to the 
extraction chamber inside of the internal tube is inter- 
rupted when inserting the piston plug into the innermost 
area of the internal tube. Whereas during the process 
in which the mentioned piston plug is pulled out from the 5 
state of being inserted in the innermost area of the men- 
tioned internal tube, a clearance is formed between the 
externa! peripheral surface of the lower end portion of 
the piston plug and inner peripheral surface of the inter- 
nal tube with its inner diameter enlarged, whereby upper 10 
space of the centrifugal separation chamber and space 
on the side of the lower end face of the piston plug in 
the extraction chamber becomes communicated to 
each other without fail through the mentioned clearance. 
[0025] To accomplish the foregoing first and second *5 
objects, a centrifugal precipitation tube according to a 
second invention comprises: a tubular vessel body of 
which top end is opened while bottom end thereof being 
closed; an internal tube being tubular shaped and hav- 
ing an outer diameter smaller than inner diameter of the 20 
mentioned vessel body, and which is inserted into the 
internal part of the vessel body and held so that lower 
end of the internal tube is positioned in the proximity of 
the inner bottom face of the vessel body; a closure plug 
which is detachably fitted to lower end portion of the 25 
mentioned internal tube, closes lower end opening of 
the internal tube in a liquid-tight manner, and easily 
comes off from the lower end portion of the internal tube 
by downward pressure force; and seal means for seal- 
ing a centrifugal separation chamber formed between 30 
inner peripheral surface of the mentioned vessel body 
and outer peripheral surface of the mentioned internal 
tube; 

the centrifugal precipitation tube being character- 
ized in that: the lower surface side^oW 35 
sure plug is formed into such a configuration :that:iher-v : " 
closure plug comes off from the lower.end portion of the 
mentioned internal tube and falls down in any one of for- 
ward, reward, leftward and rightward directions from the 
coming off position upon reaching the inner bottom face *o 
of the mentioned vessel body. 

[0026] In the centrifugal precipitation tube of above 
construction according to the second invention, a liquid 
to be separated by means of centrifugal force is inserted 
into the vessel body, then the internal tube is deeply put 45 
in the vessel body and inserted into the liquid, and a 
centrifugal separation chamber formed between the in- 
ner peripheral surface of the vessel body and outer pe- 
ripheral surface of the internal tube is sealed by the seal 
means. The centrifugal precipitation tube in this state is 50 
subjected to a centrifugal separator. By means of a cen- 
trifugal separator, the liquid in the centrifugal precipita- 
tion tube is separated into an upper layer liquid and a 
lower layer liquid due to difference in specific gravity. At 
that time, since the internal tube is inserted into the liquid 55 
in the vessel body and lower end of the internal tube is 
positioned in the proximity of inner bottom face of the 
vessel body, the lower end of the internal tube being 



closed in a liquid-tight manner is positioned below a 
boundary between the upper layer liquid and lower layer 
liquid. And the portion proximate to the lower end of the 
internal tube is in the state of being inserted into the low- 
er layer liquid. In order to extract only the lower layer 
liquid from the centrifugal precipitation tube in such a 
state, lower end portion of a dispensing nozzle is deeply 
put in the internal tube inwardly, and a closure plug at 
the lower end of the internal tube is downwardly pressed 
by lower end of the dispensing nozzle. Therefore, the 
closure plug having closed the lower end of the internal 
tube comes off and the lower end of the dispensing noz- 
zle is inserted into the lower layer liquid. The closure 
plug having come off from the lower end of the internal 
tube sinks right downwardly below the lower end open- 
ing of the internal tube. Then, the closure plug having 
reached to the inner bottom face of the vessel body falls 
down in any one of forward, rearward, leftward and right- 
ward directions from the coming off position. Conse- 
quently, even if lower end of the dispensing nozzle is put 
in the proximity of inner bottom face of the vessel body, 
it does not occur that the lower end of the dispensing 
nozzle comes in close contact with the closure plug and 
the lower end opening of the dispensing nozzle is en- 
tirely closed by means of the closure plug. As a result, 
the lower layer liquid is sucked without fail into the dis- 
pensing nozzle. 

[0027] In this manner, when using the centrifugal pre- 
cipitation tube according to the second invention, the 
lower layer liquid can be constantly sucked into the dis- 
pensing nozzle or pipette at all times from two or more 
liquid phases separated into the upper layer liquid and 
the lower layer liquid. Accordingly, only the lower layer 
liquid can be exactly extracted without any contamina- 
tion with the upper layer liquid?:Further, operation fault 
can be prevented particulartyjathe case of automating 
the sucking operation of liquid .into the dispensing nozzle 
by driving up and down the separating injection nozzle. 
[0028] In the centrifugal precipitation tube according 
to the second invention, it is preferable that lower sur- 
face side of the mentioned closure plug is formed into a 
conical or pyramidal shape. 

[0029] In the centrifugal precipitation tube of such 
construction, the closure plug disengaged from lower 
end portion of the internal tube and reached to the inner 
bottom face of the vessel body is formed so that the low- 
er surface side of the closure plug is a conic shape. Ac- 
cordingly, the closure plug falls down without fail in any 
one of forward, rearward, leftward and rightward direc- 
tions. Consequently, even if lower end of the dispensing 
nozzle is put in the proximity of inner bottom face of the 
vessel body, it does not occur that the lower end of the 
dispensing nozzle comes in close contact with the clo- 
sure plug and the lower end opening of the dispensing 
nozzle is entirely closed by means of the closure plug. 
[0030] Further, when injecting a liquid into the vessel 
body and placing the internal tube deeply in the vessel 
body to insert it into the liquid, the liquid flows so as to 
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be pushed away by means of the lower surface side of 
the closure plug inserted in the lower end opening of the 
internal tube. However, since the lower surface side of 
the closure plug is formed into a conic shape, even if the 
lower surface side of the closure plug comes in contact 
with the impurities when lower end portion of the internal 
tube passes over the boundary between, for example, 
a water phase and a chloroform phase, impurities flow 
upwardly along the conic-shaped lower surface side of 
the closure plug together with the liquid and do not stick 
to the lower surface side of the closure plug. As a result, 
it is prevented that impurities stuck to the lower surface 
side of the closure plug is dispersed into the lower layer 
liquid separated due to centrifugal force, and reliability 
in results of analysis of equipment can be improved. 
[0031] Further, in the centrifugal precipitation tube of 
above construction, it is preferable that a flange that 
comes in close contact with the upper edge portion of 
said vessel body either by interposition of a liquid-tight 
seal member or by direct engagement is formed on an 
upper end portion of said internal tube; a thread part is 
formed on an outer peripheral surface of the upper end 
portion of the mentioned vessel body; and seal means 
is formed by a cap having a thread part to be mounted 
on the upper end portion of the mentioned vessel body 
and screw threaded into the mentioned thread part, and 
which is provided with a through hole at the central por- 
tion of an upper surface; in which, by screw threading 
the cap into the upper end portion of the vessel body, a 
centrifugal separation chamber formed between inner 
peripheral surface of the vessel body and outer periph- 
eral surface of the mentioned internal tube is sealed in 
an air-tight manner, while, by loosing the cap, the cen- 
trifugal separation chamber is communicated to outside, 
air. - --v.?* " • •■ 

[0032] In the centrifugal precipitation tube of such 
construction, to conduct a centrifugal separation of a liq*-. 
uid by means of a centrifugal separator, the liquid is in- 
jected into the vessel body in the state of pulled out the 
internal tube from the vessel body, then the internal tube 
is inserted into the internal part of the vessel body, and 
subsequently the cap is mounted on the upper end por- 
tion of the vessel body and screw-threaded thereinto. 
Thus, the flange part of the upper end portion of the in- 
ternal tube is pressed onto the upper edge of the vessel 
body either through the liquid-tight seal member or di- 
rectly by means of the peripheral edge portion of the 
through hole on the upper surface of the cap. Accord- 
ingly, the flange part of the internal tube and the upper 
edge of the vessel body comes in close contact with 
each other. Thus, the centrifugal separation chamber 
between the inner peripheral surface of the vessel body 
and the outer peripheral surface of the internal tube 
comes to be sealed in an air-tight manner and in a liquid- 
tight manner. Further, when the lower layer liquid is ex- 
tracted from the internal part of the centrifugal precipi- 
tation tube after conducting the centrifugal separation, 
the cap mounted on the upper end portion of the vessel 



body is loosened. Consequently, the sealed state be- 
tween the flange of the internal tube and the top edge 
of the vessel body is released, and the centrifugal sep- 
aration chamber communicates to the outside air 

5 through a clearance between the inner peripheral sur- 
face of the upper portion of the vessel body and the outer 
peripheral surface of the upper portion of the internal 
tube as well as through a clearance between the flange 
part of the internal tube and the top edge of the vessel 

10 body. As a result, there is no more such trouble that, 
when the closure plug at the lower end portion of the 
internal tube is subsequently pressed downward by the 
lower end of the dispensing nozzle for coming off, the 
lower layer liquid is flushed into the internal tube due to 

is a gas pressure from gaseous phase portion, thereby 
disturbing boundary between the upper layer liquid and 
the lower layer liquid, a part of the upper layer liquid be- 
ing mixed into the lower layer liquid side, and the upper 
layer liquid together with the lower layer liquid flow into 

20 the internal tube. Thus, only the lower layer liquid can 
be exactly extracted without contamination with the up- 
per layer liquid. 
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Brief Description of Drawings 
[0033] 



Fig. 1 shows a preferred embodiment of the first in- 
vention and is a front view in which a centrifugal pre- 
30 cipitation tube is separated into a vessel body and 
a cap section and the vessel body is in the sate of 
being partly broken. 

Fig. 2 is a longitudinal sectional view of the centrif- 

. .. . -. ugal precipitation tube in Fig. 1 showing the state 
£35- that the cap^section is mounted on the vessej ; body. 
\;Fig. 3 is a~sectional view, taken in the direction of 
,v> the arrows along the line. Ill-Ill in Fig.2. 

Fig. 4 is a partially longitudinal sectional view for ex- . 
plaining thes>peration in each process in which cen- 

40 trifugal separation of a liquid is conducted, and only 
a lower layer liquid is extracted using the centrifugal 
precipitation tube shown in Fig.1. 
Fig. 5 is a longitudinal sectional view for explaining 
a final process of the operation in which centrifugal 

45 separation of the liquid is conducted using the cen- 
trifugal precipitation tube shown in Fig.1 and there- 
after only the lower layer liquid is extracted. 
Fig. 6 shows another embodiment of the first inven- 
tion and is a longitudinal sectional view of a centrif- 

50 ugal precipitation tube showing the state that a cap 
section is mounted on a vessel body. 
Fig. 7 shows a further embodiment of the first inven- 
tion and is a longitudinal sectional view of a centrif- 
ugal precipitation tube showing the state that a cap 

55 section is mounted on a vessel body. 

Fig. 8 shows a modification of an embodiment of 
the first invention and is a partially longitudinal sec- 
tional view of a centrifugal precipitation tube show- 
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ing the state that a piston plug of a cap section is 
fitted and inserted into an internal tube of a vessel 
body. 

Fig. 9 shows an embodiment of a second invention 
and is a longitudinal sectional view of a centrifugal 5 
precipitation tube. 

Fig. 10 is a perspective view showing the state that 
the centrifugal precipitation tube shown in Fig. 9 is 
exploded into each component. 

Fig. 1 1 is a partial longitudinal sectional view for ex- 10 
plaining an operation wherein a liquid mixture is 
separated into an upper layer liquid and a lower lay- 
er liquid and only the lower layer liquid is extracted 
using the centrifugal precipitation tube shown in 
Figs. 9 and 10. 15 
Fig. 12 is a longitudinal sectional view showing an 
example of construction of a conventional centrifu- 
gal precipitation tube in the state that a cap section 
is mounted on a vessel body. 

Fig. 1 3 is a longitudinal sectional view for explaining 20 
a problem in extracting a lower layer liquid using the 
conventional centrifugal precipitation tube shown in 
Fig. 12. 

Fig. 14 is a longitudinal sectional view showing an 
example of another construction of a conventional 25 
centrifugal precipitation tube in the state that a cap 
section is mounted on a vessel body. 

Best Mode for carrying Out the Invention 

[0034] Figs. 1 through 3 respectively show an embod- 
iment of the first invention. Fig. 1 is a front view showing 
a centrifugal precipitation tube in the state of being sep- 
arated into a vessel body and a cap section with the ves- 
sel body partl^'broken, Fig. 2 is a longitudinal- sectional 
view showingr-ftfe state that the cap section is mounted . 
on the vessel body, and Fig. 3 is a sectional view taken 
in the direction of the arrows along the line Ill-Ill in Fig. 2: 
[0035] This centrifugal precipitation tube consists of a 
tubular vessel body 10 with its upper surface opened 
and a cap section 12 for closing the opening on the up- 
per surface of the vessel body 10 in a liquid-tight man- 
ner. A thread part 14 is formed on an outer peripheral 
surface of the upper end portion of the vessel body 10. 
An internal tube 16, diameter of which is smaller than 
that of the vessel body 10, is inserted into the internal 
part of the vessel body 10 so as to be coaxial, and the 
internal tube 16 is fixed onto the inner wall surface of 
the vessel body 10 through upper and lower bridges 18. 
The internal tube 16 is of a cylindrical configuration with 
its upper and lower ends opened. The upper end face 
of the internal tube 16 is opened in the internal part of 
the vessel body 10 so as to be opposite to the top open- 
ing surface of the vessel body 10, and the lower end 
face of the internal tube 16 is opened in the inner bottom 
portion of the vessel body 1 0 so as to be opposite to the 
inner bottom face of the vessel body. Further, a centrif- 
ugal separation chamber 20 is formed between the inner 



peripheral surface of the vessel body 10 and the outer 
peripheral surface of the internal tube 16, and the inside 
of the internal tube 16 serves as an extraction chamber 
22. An upper portion and a lower portion of the centrif- 
ugal chamber 20 are spatially communicated to an up- 
per opening surface and a lower opening surface of the 
internal tube 16 respectively. The vessel body 10 and 
the internal tube 16 are made of a material such as 
glass, and in particular the vessel body 10 is composed 
of a thick glass so as to be able to resistant to centrifugal 
load. 

[0036] The cap section 12 consists of a seal cap 24 
and a rod-shaped piston plug 26, and a clamp 28 inte- 
grally connects them. Formed on the inside surface of 
the seal cap 24 is a thread part 30 for screw threading 
into the thread part 14 at the upper end portion of the 
vessel body 10. By putting on and threading the seal 
cap 24 into the upper end portion of the vessel body 10, 
it is possible to close the top opening of the vessel body 
10 in a liquid-tight manner. The piston plug 26 is formed 
so that outer diameter thereof is slightly smaller than in- 
ner diameter of the internal tube 16, whereby the piston 
plug 26 may be fitted and inserted in the internal tube 
16 of the vessel body 10 as well as pulled out from the 
internal tube 16. As shown in Fig.2, the piston plug 26 
is formed to have a length allowing the lower end portion 
thereof to be inserted in the proximity of the inner bottom 
face of the vessel body 10 and to be slightly protruded 
from the lower end of the internal tube 16 when screw 
threading the seal cap 24 into the upper. end portion of 
the vessel body 10 and inserting the piston plug 26 into 
the innermost area of the internal tube 16. The piston 
plug 26 is made of a material such as a fluorine resin. 
[0037] Seal members, for example O rings 32, 34 are 
respectively inserted in and fitted on theproximity of the 
lower end and on the. upper portion of the. external pe- 
ripheral surface. ot the, piston. plug 26. When inserting 
and fitting the piston plug 26 in the internal tube 16, each 
of the O rings 32, 34 comes in close contact with the 
inner peripheral surface of the internal tube 16 in a liq- 
uid-tight manner. Furthermore, the piston plug 26 comes 
in slidable contact with the inner peripheral surface of 
the internal tube 1 6 so as to be slidable in axial direction. 
As shown in Fig.2, the O rings 32, 34 are inserted and 
fitted in the axial direction is at positions where the O 
rings 32, 34 are respectively stopped in the proximity of 
the upper and lower end when screw threading the seal 
cap 24 into the upper end portion of the vessel body 10 
and inserting the piston plug 26 into the innermost area 
of the internal tube 16. Therefore, in the state that the 
piston plug 26 is inserted into the innermost area of the 
internal tube 16, spatial communication between the 
lower and upper portions of the centrifugal separation 
chamber 20 and the extraction chamber 22 inside of the 
internal tube 16 are completely interrupted by means of 
the O rings 32, 34, respectively. In addition, instead of 
inserting and fitting the O rings 32, 34 on the external 
peripheral surface of the piston plug 26, it is also pref- 
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erable that the O rings 32, 34 are respectively inserted 
in and fixed to the proximity of upper and lower ends of 
the inner peripheral surface of the internal tube 16. 
[0038] Further, a slot 36 is formed in the internal part 
of the piston plug 26. This slot 36 is opened at lower end 5 
face and at plural points on the external peripheral sur- 
face of the piston plug 26. The slot 36 is opened at a 
position on the external peripheral surface of the piston 
plug 26, and the opening position is proximate to and 
slightly below the position where the O ring 34 is inserted 10 
and fitted on the external peripheral surface of the piston 
plug 26. 

[0039] Referring now to Figs. 4 (a), (b), (c), (d) and 5, 
operation of conducting centrifugal separation of a liquid 
and extracting only a lower layer liquid using the centrif- * 5 
ugal precipitation tube constructed as described above 
will be hereinafter described. 

[0040] First, in the state that the cap section 12 is re- 
moved from the vessel body 10, a liquid to be separated 
by means of centrifugal force is injected into the vessel 20 
body 10. Taking as an example the case that a medica- 
ment contained in a serum is extracted using chloro- 
form, for example, a serum of 0.5cc, a buffer solution of 
0.5cc and chloroform of 3.5cc are injected into the ves- 
sel body 1 0 in order. Next, as shown in Fig.2, the piston 25 
plug 26 is fitted and inserted into the internal tube 16 
and the seal cap 24 is mounted on the upper end portion 
of the vessel body 10. Then, the seal cap 24 is screw 
threaded into the upper end portion of the vessel body 
10 and the piston plug 26 is inserted into the innermost 30 
area of the internal tube 16, resulting in a state that the 
lower end portion of the piston plug 26 is inserted in the 
proximity of inner bottom face of the vessel body 10 and 
slightly protruded from the lower end of the internal tube 
16. - Therefore, internal part of the vessel body 10 is 35 
closeoMn a liquid-tight manner and a -liquid (chloroform) 
contained in the extraction chamber 22~inside of the in- 
ternal tube 16 is entirely pressed out from the lower por- 
tion of-the extraction chamber 22 to the lower portion of 
the centrifugal separation chamber 20 between the in- *o 
ner peripheral surface of the vessel body 1 0 and the out- 
er peripheral surface of the internal tube 16 by means 
of the piston plug 26. The centrifugal precipitation tube 
in this state is subjected to a shaking device and then 
to a centrifugal separator. At this time, spatial commu- 45 
nication between the lower and upper portions of the 
centrifugal separation chamber 20 and the extraction 
chamber 22 inside of the internal tube 16 is completely 
interrupted by each of the O rings 32, 34, and the liquid 
may not flow from the centrifugal separation chamber 50 
20 into the extraction chamber 22. Therefore, as show- 
ing in the partially longitudinal sectional view of Fig. 4 
(a), the liquid contained in the centrifugal precipitation 
tube is separated into an upper layer liquid (water layer) 
38 and a lower layer liquid (chloroform) 40 in the cen- 55 
trifugal separation chamber 20 due to difference in spe- 
cific gravity. At this time, note that injection amount of 
the mentioned liquid is adjusted so that lower end of the 



internal tube 1 6 is positioned below a boundary between 
the upper layer liquid 38 and the lower layer liquid 40 
and lower end portion of the internal tube 1 6 is immersed 
in the lower layer liquid 40. 

[0041] After completing the centrifugal separation op- 
eration, the centrifugal precipitation tube is taken out of 
the centrifugal separator and the seal cap 24 of the cap 
section 12 is loosened and removed from the upper end 
portion of the vessel body 10. Then, as shown in Fig. 4 
(b) , the piston plug 26 is slowly pulled out from the in- 
ternal tube 16. Accordingly, the lower layer liquid 40 in 
the centrifugal separation chamber 20 is slowly sucked 
into the extraction chamber 22 inside of the internal tube 
1 6. Thus, since the lower layer liquid 40 in the centrifugal 
separation chamber 20 is sucked slowly into the extrac- 
tion chamber 22 by means of the piston plug 26, it does 
not take place, in the process of sucking the lower layer 
liquid 40 into the extraction chamber 22, that the bound- 
ary between the upper layer liquid 38 and the lower layer 
liquid 40 in the centrifugal separation chamber 20 is dis- 
turbed and a part of the upper layer liquid 38 is mixed 
into the lower layer liquid 40 side and flows into the ex- 
traction chamber 22 together with the lower layer liquid 
40. 

[0042] Subsequently when the O ring 34 inserted in 
and secured onto the external peripheral surface of the 
piston plug 26 gets out from the upper edge of the inter- 
nal tube 16 on the way of pulled out the piston plug 26 
and the opening on the external peripheral surface of 
the piston plug 26 of the slot 36 provided in the internal 
part of the piston plug 26 passes over the upper end of 
the internal tube 16, the upper space of the centrifugal 
separation chamber 20 and the space on the side of low- 
er end face of the piston plug 26 are communicated to 
each other-through the slot 36 of the pistoniplug 26: As 
a result, the same air-pressure is applied to the liquid 
surface of the lower layer liquid 40 in. the. extraction 
chamber 22 and to that of the upper layer liquid 38 in 
the centrifugal separation chamber 20 respectively. Ac- 
cordingly, even though the piston plug 26 is pulled out 
further as shown in Fig. 4 (c), the lower layer liquid 40 
in the extraction chamber 22 is prevented from being 
sucked up by the piston plug 26. Therefore, it does not 
take place that not only lower layer liquid 40 but also 
upper layer liquid 38 flows into the extraction chamber 
22 and a part of the upper layer liquid 38 is mixed into 
the lower layer liquid 40 in the extraction chamber 22. 
[0043] When the piston plug 26 has been completely 
pulled out from the internal tube 16, as shown in Fig. 4 
(d), liquid surface of the upper layer liquid 38 in the cen- 
trifugal separation chamber 20 becomes generally co- 
incident with that of the lower layer liquid 40 in the ex- 
traction chamber 22. More exactly, the liquid surface of 
the lower layer liquid (chloroform) 40 in the extraction 
chamber 22 becomes slightly below the liquid surface 
of the upper layer liquid (water layer) 38 due to differ- 
ence in specific gravity. At this time, injection amount of 
the mentioned chloroform has been adjusted so that on- 
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ly the lower layer liquid 40 may remain in the extraction 
chamber 22. In order that lower layer liquid 40 remaining 
in the extraction chamber 22 may' be extracted by 
means of an automatic dispensing apparatus (not 
shown), a centrifugal precipitation tube is fixed, a dis- 
pensing nozzle 42 is lowered by means of a nozzle drive 
mechanism (not shown), and the lower end portion of a 
disposable chip (throw-away chip) 44 forming the lower 
end portion of the dispensing nozzle 42 is deeply insert- 
ed into the innermost area of the internal tube 1 6 through 
the top opening of the vessel body 10. Then, after in- 
serting the lower end of the disposable chip 44 into the 
lower layer liquid 40, the lower layer liquid 40 is sucked 
into the disposable chip 44 through the lower end open- 
ing of the disposable chip 44 by driving a syringe (not 
shown). Alternatively, in the case of manual operation, 
lower end portion of a pipette (not shown) is likewise 
inserted deeply into the internal tube 16 through the top 
opening of the vessel body 10, and after inserting the 
lower end of the pipette into the lower layer liquid 40, 
the lower layer liquid 40 is sucked into the pipette. 
[0044] Now another preferred embodiment of the first 
invention is hereinafter described with reference to Fig. 
6 that is a longitudinal sectional view of a centrifugal pre- 
cipitation tube showing a state that a cap section is 
mounted on a vessel body. 

[0045] In the internal part of a vessel body 46, an in- 
ternal tube 48 is inserted from the proximity of upper end 
opening to the proximity of inner bottom face of the ves- 
sel body 46 ; Then, an outer peripheral surface of upper 
end portion of the internal tube 48 is welded on the inner 
peripheral surface of a mouth portion of the vessel body 
46 on which a seal cap 52 of a cap section 50 is mount- 
ed, and the internal tube 48 is integrally secured to the 
'^ess&V'body-46l "Accordingly, upper portion of a centrif- 
ugal separation chamber 54 formed between the inner 
peripheral surface of the vessel body .46 and outer per 
ripheral surface of the internal tube 48 is spatially 
closed. On the other hand, in the internal tube 48, plural 
communication apertures 56 are opened at positions 
corresponding to the upper portion of the centrifugal 
separation chamber 54, whereby the upper portion of 
the centrifugal chamber 54 and an extraction chamber 
58 inside of the internal tube 48 are communicated to 
each other through those communication apertures 56. 
[0046] A rod-shaped piston plug 62 integrally con- 
nected to the seal cap 52 of the cap section 50 by means 
of a clamp 60 is inserted and fitted over the entire length 
of the internal tube 48. The piston plug 62 is formed so 
as to have a length within which lower end portion of the 
piston plug 62 is inserted in the proximity of inner bottom 
face of the vessel body 46 and slightly protruded from 
lower end of the internal tube 48 when inserting the pis- 
ton plug 62 into the innermost area of the internal tube 
48. Further on external peripheral surface of the piston 
plug 62, O rings 64, 66 are respectively inserted and 
secured in the proximity of lower end of the piston plug 
62 and at a position of closing the communication aper- 
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ture 56 of the internal tube 48 in a liquid-tight manner 
when the piston plug 62 being inserted into the inner- 
most area of the internal tube 48. Therefore, in the same 
manner as the centrifugal precipitation tube shown in 

5 Figs. 1 through 3, in the state of the piston plug 62 being 
inserted into the innermost area of the internal tube 48, 
the spatial communication between the lower and upper 
portions of the centrifugal separation chamber 54 and 
the extraction chamber 58 inside of the internal tube 48 

10 is completely interrupted respectively. 

[0047] Formed in the internal part of the piston plug 
62 are slots 68 which are opened at the lower end face 
as well as at plural points on the external surface of the 
piston plug 62. Then, the external peripheral surface of 

15 the piston plug 62 between both of positions at which 
upper and lower O rings 64, 66 are inserted and se- 
cured, is reduced in diameter to form a concave surface 
part 70, and the slot 68 are formed so as to commu nicate 
to the concave surface part 70. It is also preferable that 

20 a plurality of longitudinal grooves communicating to the 
slot 68 is provided on the external peripheral surface of 
the piston plug 62 instead of forming a part of the exter- 
nal peripheral surface of the piston plug 62 to reduce 
the diameter thereby forming the concave surface part 

25 70. Reference numeral 72 shows a packing. 

[0048] Fig. 7 shows a further embodiment of the first 
invention, and is a longitudinal sectional view of a cen- 
trifugal separation tube showing the state that a cap sec- 
tion is mounted on a vessel body. 

30 [0049] This centrifugal precipitation tube is construct- 
ed so that an internal tube 76 may be removably inserted 
in and fixed to the internal part of the vessel body 74. 

- —That is, the internal tube 76 is formed to have an outer 
- l-^- diameter capable of being in close contact with the 
^asi.. . mouth portion of the vessel body 74*TFhe internal tube 
^>3fe 76 is provided with an annular protrusion 78 in the prox- 
aiiv-i imrty of the upper end thereof. The internal tube 76 is 

. inserted into the vessel body 74, the annular protrusion 

- 78 is brought into close contact with the upper end face 
40 of the vessel body 74 by interposition of a packing 80, 

and subsequently a cylindrical fixing member 82, on the 
inner surface of which a thread part 84 is formed and 
which fits onto the upper end portion of the internal tube 
76, is mounted onto the upper end portion of the vessel 

45 body 74 and screwed in a thread part 86 of the vessel 
body 74, thereby the internal tube 74 being secured to 
the vessel body 74. In order to separate the internal tube 
76 from the vessel body 74, the fixing member 82 is re- 
moved from the upper end portion of the vessel body 74 

50 and then the internal tube 76 is pulled out from the in- 
ternal part of the vessel body 74. 
[0050] In the same manner as the centrifugal precip- 
itation tube shown in Fig. 6, opened in the internal tube 
76 are plural communication apertures 92 for commu- 

55 nicating the upper portion of a centrifugal separation 
chamber 88 formed between the inner peripheral sur- 
face of the vessel body 74 and outer peripheral surface 
of the internal tube 76 to an extraction chamber 90 inside 
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of the internal tube 76. Furthermore, athread part 94 is 
formed on the inner peripheral surface of the upper end 
portion of the internal tube 76. 

[0051] In the centrifugal precipitation tube shown in 
Fig. 7, a seal cap 98 and a rod-shaped piston plug 100 
forming a cap section 96 are integrally molded of a flu- 
orine resin or the like. On the external peripheral surface 
of the upper end portion of the piston plug 1 00 connect- 
ing to the seal cap 98, a thread part 1 02 threading to the 
thread part 94 on inner peripheral surface of the upper 
end portion of the internal tube 76 is formed. Then the 
piston plug 100 is fitted and inserted into the internal 
tube 76 and the upper end portion of the piston plug 100 
is screw threaded into the upper end portion of the in- 
ternal tube 76, whereby opening surface of the upper 
end of the internal tube 76 can be closed in a liquid-tight 
manner by means of the seal cap 98. Further, in the 
same manner as the centrifugal precipitation tube 
shown in Fig. 6, on the external peripheral surface of the 
piston plug 100, two O rings 104, 106 are inserted and 
secured. When inserting the piston plug 100 into the in- 
nermost area of the internal tube 76, spatial communi- 
cation between the lower and upper portions of the cen- 
trifugal separation chamber 88 and the extraction cham- 
ber 90 inside of the internal tube 76 becomes completely 
interrupted by means of each of O rings 104, 106. Fur- 
ther in the internal part of the piston plug 100, a slot 108 
opened at lower end face and at a plurality of points on 
the external peripheral surface of the piston plug 100 
are formed. On the external peripheral surface of the 
piston plug 100 between both of positions at which the 
upper and lower O rings 104, 106 are inserted and se- 
cured, a concave surface part 110 is formed. 
[0052] Extraction operation of the lower layer liquid 
-using the centrifugal predpitatiorvtube~shown respec-i 
tively in Figs. 6 and 7 is conducted in the same manners 
as the case using a centrifugal precipitation tube shown 
in Figs. 1 through 3. However, when extracting a lower 
layer liquid from a centrifugal precipitation tube after 
completion of the centrifugal separation operation, in the 
centrifugal precipitation tube shown in Figs. 6 and 7, dur- 
ing the step of pulling out the piston plug 62 or 100, the 
O ring 66 or 106 inserted and secured on the external 
surface of the piston plug 62 or 100 are upwardly dis- 
placed from the position of the communication aperture 
56 or 92 in the internal tube 48 or 76. Further, the upper 
end portion of the concave surface part 70 or 1 1 0 formed 
on the external peripheral surface of the piston plug 62 
or 100 passes over the communication aperture 56 or 
92 in the internal tube 48 or 76, whereby upper portion 
of the centrifugal separation chamber 54 or 88 and 
space on the side of lower end face of the piston plug 
62 or 100 in the extraction chamber 58, 90 are commu- 
nicated to each other through the communication aper- 
ture 68 or 108 of the internal tube 48 or 76, through the 
clearance between the concave surface part 70 or 110 
on the external surface of piston plug 62 or 1 00 and inner 
peripheral surface of internal tube 48 or 76 and through 



the slot 68 or 108 of the piston plug 62 or 100. Accord- 
ingly, the same air pressure is applied onto the liquid 
surface of lower layer liquid in the extraction chamber 
58 or 90 and the liquid surface of upper layer liquid in 
5 the centrifugal separation chamber 54 or 88 respective- 
ly. 

[0053] In each of the foregoing embodiments, in order 
that the upper portion of the centrifugal separation 
chamber 20, 54 or 88 and the space on the lower end 
10 face side of the piston plug 26, 62 or 100 may be com- 
municated to each other during the process of pulling 
out the piston plug 26, 62 or 100 from the state of being 
inserted into the innermost area of the internal tube 16, 
48 or 76, the slot 36, 68 or 108 is formed in the internal 
15 part of the piston plug 26, 62 or 1 00. However, commu- 
nication means to perform such a function is not limited 
to the slot 36, 68 or 1 08 formed in the internal part of 
the piston plug 26, 62 or 100. An example of communi- 
cation means is constructed as described hereinafter 
with reference to Fig. 8. Inner diameter of an internal 
tube 114 inserted and fixed in the internal part of a vessel 
body 112 is formed so that upper side portion thereof is 
larger than the lower end portion. Further, when insert- 
ing a piston plug 120 into the innermost area of the in- 
ternal tube 114, an O ring 122 inserted and secured in 
the proximity of the lower end portion of the external pe- 
ripheral surface of the piston plug 120 is brought into 
close contact with the inner peripheral surface of a thick- 
ened part (smaller inner-diameter portion) of the internal 
tube 114, and another O ring 124 inserted and secured 
to the upper portion of external peripheral surface of the 
piston plug 120 is brought into close contact with the 
inner peripheral surface of a thinned part (larger inner- 
diameter portion) 11 8. By employing such construction, 
in the a state of inserting the piston plug 120 into the 
innermost area of the^internal tube 114, spatial commu- 
nication between the lower and upper portions of a cen- 
trifugal separation chamber 126 located between the in- 
ner peripheral surface of the vessel body 112 and outer 
peripheral surface of the internal tube 114 and an ex- 
traction chamber 128 inside of the internal tube 114 is 
completely interrupted by each of the O rings 122, 124: 
On the other hand, during the process of pulling out the 
piston plug 120 from the state of being inserted into the 
45 innermost area of the internal tube 114, on and after the 
O ring 122 inserted and secured in the proximity of the 
lower end of external peripheral surface of the piston 
plug 120 gets out from the thickened part 116 of the in- 
ternal tube 114, upper space of the centrifugal separa- 
te tion chamber 126 and space on the lower end face side 
of the piston plug 120 in the extraction chamber 128 are 
communicated to each other through a clearance be- 
tween the inner peripheral surface of the thinned part of 
the internal tube 114 and external peripheral surface of 
55 the piston plug 1 20. 

[0054] Figs. 9 and 1 0 show an embodiment according 
to the second invention. Fig. 9 is a longitudinal sectional 
view of a centrifugal precipitation tube, and Fig. 10 is a 
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perspective view showing the centrifugal precipitation 
tube in the state of being exploded into several compo- 
nents. 

[0055] This centrifugal precipitation tube consists of a 
tubular-shaped vessel body 130 top of which is opened 
and with a bottom, an internal tube 132 to be inserted 
in the internal part of the vessel body 130, and a cap 
1 34 to be mounted on an upper end portion of the vessel 
body 130 and the like. A thread part 136 is formed on 
the outer peripheral surface of the upper end portion of 
the vessel body 130; and a thread part 138 for screw 
threading with the thread part 136 of the vessel body 
1 30 is formed on inner peripheral surface of the cap 1 34. 
Further, a through hole 140 is formed at the central por- 
tion of the upper surface of the cap 134. The cap 134 
and the internal tube 132 are integrally connected to- 
gether by means of a connection ring 142 interposed on 
the inner side of the cap 134. 

[0056] The internal tube 132 has an outer diameter 
smaller than inner diameter of the vessel body 1 30 and 
is formed into a tubular shape with its lower part tapered 
gradually. A flange part 144 is formed at the upper end 
portion of the internal tube 132. This flange part 144 
comes engaged and in close contacts with the upper 
edge of the vessel body 130 properly by interposing, for 
example, an O ring 146 when inserting the internal tube 
132 into the internal part of the vessel body 130. As far 
as the flange part 144 can come in close contact with 
the upper edge of the vessel body 1 30 properly, such O 
ring 146 is not always required to be interposed. The 
interna! tube 132 is inserted into the internal part of the 
vessel body 130, whereby a centrifugal separation 
chamber 148 is formed between the inner peripheral 
surface of the vessel body 1 30 and the outer peripheral 
surface of the internal tube-132. Moreover, in the stated 
that the internal tube 132 is inserted into the internal part 
of the vessel body 1 30, there is an extremely slight clear.-. -•• 
ance capable of performing ventilation between the out- 
er peripheral surface of the upper portion of the internal 
tube 132 and the inner peripheral surface of the upper 
portion of the vessel body 130. The internal tube 132 
has a length within which lower end thereof is positioned 
in the proximity of inner bottom face of the vessel body 
130 when inserting the internal tube 132 into the inner- 
most area of the vessel body 1 30. 
[0057] At the lower end portion of the internal tube 
1 32, a closure plug 1 50 is upwardly inserted into the low- 
er end opening of the internal tube 132, and the lower 
end opening of the internal tube 1 32 is closed in a liquid- 
tight manner. The closure plug 1 50 is formed so as to 
be easily come off by a downward pressure force, i.e., 
a downwardly pressing force given by the lower end of 
a dispensing nozzle, pipette or the like. This closure plug 
1 50 is configured in such a manner as to have a conical 
or pyramidal lower surface side. 
[0058] Now operation for extracting only a lower layer 
liquid by centrifugal separation of liquid using the cen- 
trifugal precipitation tube of above construction is here- 



inafter described referring to Fig. 11. 
[0059] First in the state that the cap 134 is removed 
from the vessel body 130 and the internal tube 132 is 
pulled out, a liquid mixture to be separated by means of 

5 centrifugal force is injected into the vessel body 130. 
Taking as an example the case that a medicament con- 
tained in a serum is extracted using chloroform, for ex- 
ample, a serum of 0.5cc, a buffer solution of 0.5cc and 
chloroform of 3.5cc are injected into the vessel body 1 30 

10 in order. Next, the internal tube 132 is deeply put in the 
internal part of the vessel body 130 and inserted into 
liquid, and then the cap 134 is mounted on the upper 
end portion of the vessel body 1 30 and screw threaded 
as far as it goes. Accordingly, the flange part 144 of the 

15 internal tube 1 32 is pressed onto the top edge of the 
vessel body 130 with interposition of the O ring 146 by 
means of the peripheral edge portion of a through hole 
140 opened on the upper surface of the cap 134. Then, 
the flange part 144 of the internal tube 132 and the top 

20 edge of the vessel body 1 30 are brought into close con- 
tact with each other. Thus, a centrifugal separation 
chamber 148 between the inner peripheral surface of 
the vessel body 130 and outer peripheral surface of the 
internal tube 132 is sealed in an air-tight manner as well 

25 as in a liquid-tight manner. A centrifugal precipitation 
tube in this state is subjected to a shaking device, a med- 
icament contained in a serum is transferred into chloro- 
form, and then the centrifugal precipitation tube is set in 
and subjected to a centrifugal separator. Consequently, 

30 as shown in Fig. 11 (a), a liquid accommodated in the 
centrifugal separation chamber 148 is separated into an 
upper layer liquid (water layer) 152 and a lower layer 
liquid (chloroform) 1 54 due to difference in specific grav- 
: r ity. At this time, as -shown in Fig. 11 (a), the lower end of 

35 i-the-internal tube 132:is positioned in the proxinaity of in- 

- . . ner bottom face of theivessel body 1 30. Therefore, Jower 

. T; ,-,^end of the internal tube 132 is positioned below abound- 
ary 1 56 between theupper layer liquid 1 52 and the lower 
layer liquid 154. Thus, a portion proximate to the lower 

40 end of the internal tube 132 is in the state of being in- 
serted into the lower layer liquid 154. 
[0060] After completing the operation of centrifugal 
separation, the centrifugal precipitation tube is taken out 
of the centrifugal separator and only the lower layer liq- 

45 uid is extracted from the centrifugal precipitation tube by 
means of an automatic dispensing apparatus (not 
shown). In order to conduct this, first the cap 134 
mounted on the upper end portion of the vessel body 
1 30 is twisted and released. Accordingly, the state of the 

so flange part 144 of the internal tube 132 being in close 
contact with the top edge of the vessel body 1 30 is re- 
leased. Thus, the centrifugal separation chamber 148 
are communicated to the outside air through a clearance 
between the inner peripheral surface of the upper por- 

55 tion of the vessel body 1 30 and the outer peripheral sur- 
face of the upper portion of the internal tube 132 and 
through a clearance between the flange part 144 of the 
internal tube 132 and the top edge of the vessel body 
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130. Then, the centrifugal precipitation tube in this state 
is fixed to a mounting portion of the automatic dispens- 
ing apparatus. Subsequently, a dispensing nozzle is 
lowered by means of a nozzle drive mechanism. Then, 
as shown in Fig. 9, a disposable chip (hereinafter re- 5 
f erred to as "dispochip") 1 58 forming a lower end portion 
of the dispensing nozzle is deeply inserted into the in- 
ternal part of the internal tube 132 through the through 
hole 140 in the cap 134 of the centrifugal precipitation 
tube. Next, as shown in Fig. 11 (a), the closure plug 150 io 
at the lower end of the internal tube 132 is downwardly 
pressed by means of the lower end of the dispochip 1 58. 
Accordingly, as shown in Fig. 11 (b), the closure plug 
150 is disengaged from the lower end opening of the 
internal tube 132, and the lower end of the dispochip is is 
inserted into the lower layer liquid 1 54. At this time, since 
the centrifugal separation chamber 148 is communicat- 
ed to the outside air as described above, it does not oc- 
cur that the liquid flushes into the internal tube 132 due 
to gas pressure of the vapor phase portion, even though 20 
the closure plug 150 is disengaged from the lower end 
opening of the internal tube 132. 
[0061] The closure plug 150 having been disengaged 
from the lower end opening of the internal tube 1 32 sinks 
vertically right under the lower end opening of the inter- 25 
nal tube 132. The closure plug 150 having reached to 
the inner bottom face of the vessel body 130 falls down 
in any one of forward, backward, leftward or rightward 
directions because the lower surface side of the closure 
plug 150 is formed conical. Therefore, as shown in Fig. 
11 (c), even though the lower end of the dispochip 158 
is inserted in the proximity of the inner bottom face of 
the vessel body 130, the closure plug 150 is pressed 
away by the lower end of the dispochip 158 or a part of 
the lowerend face of the dispochip 1 58 comes in contact , 
with the^ciosure plug 150. As a result, it does not occur 
that the lower end face of the dispochip 158 comes in 
contact with the closure plug 150 and the entire of the 
lower end'opening of the dispochip 158 is closed by the 
closure plug 150. 

[0062] Since the lower end of the dispochip 1 58 is in- 
serted into the lower layer liquid 1 54, the lower layer liq- 
uid 1 54 is sucked into the dispochip 1 58 through the low- 
er end opening of the dispochip 158 by driving a syringe 
connected to the dispensing nozzle. At this time, as de- 
scribed above, since the lower end opening of the dis- 
pochip 158 is not closed by the closure plug 150, the 
lower layer liquid 154 is sucked without fail into the dis- 
pochip 158. In addition, at this time, since the lower end 
of the dispochip 158 is positioned further below the 
boundary between the upper layer liquid 152 and the 
lower layer liquid 154, there is no such worry that a part 
of the upper layer liquid 1 52 is mixed into the lower layer 
liquid 154 and a contamination takes place. 
[0063] Further, in the foregoing embodiments, the in- 
ternal tube 132 and the cap 134 are separated. It is, 
however, also preferable that the internal tube and the 
cap is integrally formed or molded as shown in Fig. 12. 



Further, in the above description referring to Fig. 1 1 , only 
the lower layer liquid is extracted from the centrifugal 
precipitation tube by means of the automatic dispensing 
apparatus. It is, however, also possible that only the low- 
er layer liquid is extracted from the centrifugal precipi- 
tation tube by manual operation using a hole pipette or 
the like, as a matter of course. 

[0064] Furthermore, in the foregoing embodiments, 
the lower surface side of the closure plug 1 50 is formed 
into a conical or pyramidal shape. However, it is also 
preferable that the lower surface side of a closure plug 
may be formed into any other shape, as far as the clo- 
sure plug comes off from the lower end portion of the 
internal tube and falls down in any one of forward, rear- 
ward, leftward and rightward directions from the coming 
off position upon reaching the inner bottom face of the 
vessel body. In this sense, it is preferable that a rod- 
shaped protrusion is provided at the central portion of 
the lower surface of a closure plug. 

Industrial Applicability 

[0065] The centrifugal precipitation tube according to 
the present invention is used, for example, in the case 
that any medicament contained in a serum is extracted 
in the form of solvent extraction by an automatic extrac- 
tion apparatus, or in the case that a medicament con- 
tained in a serum is extracted in the form of solvent ex- 
traction and concentration of the medicament is auto- 
matically measured by an automatic concentration 
measurement apparatus, when a liquid mixture of se- 
rum to which a solvent such as chloroform, after being 
shaken, is separated into a water phase and a solvent 
phase utilizing a difference -in specific gravity by a cen- 
trifugal separator.-When using this centrifugal-precipita- 
tion tube, it becomes possible that only a dower layer 
liquid is exactly extracted without contamination involv- 
ing an upper layer liquid. - 



Claims 

1 . A centrifugal precipitation tube comprising: 

a tubular vessel body of which top end is 
opened while bottom end thereof being closed; 
and 

seal means for closing releasably the open top 
end of the vessel body in a liquid-tight manner; 
the centrifugal precipitation tube being charac- 
terized in that 

an internal tube, diameter of which is small- 
er than that of the mentioned vessel body, 
is inserted in an internal part of the vessel 
body and secured thereto, whereby a cen- 
trifugal separation chamber is formed be- 
tween inner peripheral surface of the ves- 
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sel body and outer peripheral surface of the 
interna! tube, and an upper portion and a 
lower portion of the centrifugal separation 
chamber are respectively communicated 
to an extraction chamber inside of the men- 5 
tioned internal tube; 

a piston plug, lower end portion of which is 
inserted in the proximity of an inner bottom 
face of the mentioned vessel body, is slid- 
ably and removably inserted into the men- 10 
tioned internal tube in axial direction there- 
of; communications between the upper 
and lower portions of the mentioned cen- 
trifugal separation chamber and the men- 
tioned extraction chamber are respectively *5 
interrupted when inserting the mentioned 
piston plug into the innermost area of the 
mentioned internal tube; and 
an upper space of the mentioned centrifu- 
gal separation chamber and a space on the 20 
lower end face side of the piston plug in the 
mentioned extraction chamber are com- 
municated to each other during the proc- 
ess of pulling out the mentioned piston plug 
from the state of being inserted in the in- 25 
nermost area of the mentioned internal 
tube. 

The centrifugal precipitation tube according to claim 
1 , wherein said seal means and said piston plug are 30 
communicated to each other. 

The centrifugal precipitation tube according to claim 
1 or 2, wherein a seal member, coming in close con- 
' tact with the inner peripheral -surface of the internal 35 
tube in-a'liquid-tight manner^wrien said piston plug 
is inserted and fitted intor. said internal tube, is 
mounted on and secured to the external peripheral 
surface of said piston plug. 

40 

The centrifugal precipitation tube according to claim 
1 or 2, wherein upper end face of said internal tube 
is opened in the internal part of said vessel body so 
that upper portion of said centrifugal separation 
chamber and the extraction chamber inside of the 45 
internal tube are communicated to each other; and 
a slot is formed in the internal part of said pis- 
ton plug in such a manner as to be opened at a lower 
end face and at an external peripheral surface of 
said piston plug. 50 

The centrifugal precipitation tube according to claim 
1 or 2, wherein said internal tube is provided with a 
communication aperture so that upper portion of 
said centrifugal separation chamber and the extrac- 55 
tion chamber inside of the internal tube are commu- 
nicated to each other through said communication 
aperture; and 



a slot opened at the lower end face and ex- 
ternal peripheral surface of the piston plug is formed 
in the internal part of the piston plug, and a groove 
or a concave-surface part communicating to said 
slot is formed on the external peripheral surface of 
said piston plug. 

6. The centrifugal precipitation tube according to claim 
1 or 2, wherein the internal tube is formed so that 
inner diameter of upper side portion thereof is larger 
than that of the lower end portion. 

7. A centrifugal precipitation tube comprising: 

a tubular vessel body of which top end is 
opened while bottom end thereof being closed; 
an internal tube being tubular shaped and hav- 
ing an outer diameter smaller than inner diam- 
eter of the mentioned vessel body, and which 
is inserted into the internal part of the vessel 
body and held so that lower end of the internal 
tube is positioned in the proximity of the inner 
bottom face of the vessel body; 
a closure plug which is detachably fitted to low- 
er end portion of the mentioned internal tube, 
closes lower end opening of the internal tube in 
a liquid-tight manner, and easily comes off from 
the lower end portion of the internal tube by 
downward pressure force; and 
seal means for sealing a centrifugal separation 
chamber formed between inner peripheral sur- 
face of the mentioned vessel body and outer 
peripheral surface of the mentioned internal 
tube; p * ..... 

the centrifugal precipitation.tube being char- 
acterized in that: the lower surface side of the men- 
tioned closure plug is formed into such a configura- 
tion that the closure plug comes off from the lower 
end portion of the mentioned internal tube and falls 
down in any one of forward, reward, leftward and 
rightward directions from the coming off position up- 
on reaching the inner bottom face of the mentioned 
vessel body. 

8. The centrifugal precipitation tube according to claim 
7, wherein lower surface side of said closure plug 
is formed into a conical or pyramidal shape. 

9. The centrifugal precipitation tube according to claim 
7 or 8, wherein a flange that comes in close contact 
with the upper edge portion of said vessel body ei- 
ther by interposition of a liquid-tight seal member or 
by direct engagement is formed on an upper end 
portion of said internal tube; 

a thread part is formed on an outer peripheral 
surface of the upper end portion of the mentioned 
vessel body; and seal means is formed by a cap 
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having a thread part to be mounted on the upper 
end portion of the mentioned vessel body and screw 
threaded into the mentioned thread part, and which 
is provided with a through hole at the centra! portion 



wherein, by screw threading the cap into the 
upper end portion of the vessel body, a centrifugal 
separation chamber formed between inner periph- 
eral surface of the vessel body and outer peripheral 
surface of the mentioned internal tube is sealed in 10 
an air-tight manner, while, by loosing the cap, the 
centrifugal separation chamber is communicated to 
outside air. 



of an upper surface; and 
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